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SUMMARY 


Though  the  cardiovascular  action  of  benzodiazepines,  specifically  diazepam,  has  been  studied 
when  used  as  a  preoperative  sedative,  to  our  knowledge  there  has  been  no  study  that  examined  the 
effects  of  orally  administered  benzodiazepine  hypnotics  on  cardiovascular  activity  during  sleep. 
We  report  the  effects  of  triazolam,  0.5  mg,  and  flurazepam,  30  mg,  on  one  measure  of  cardiac 
activity,  heart  rate  (HR). 

Triazolam  Study 

Twenty  EEG-screened  male  poor  sleepers,  mean  age  21  ±  2.4  years,  were  studied  during  3  pla¬ 
cebo,  6  treatment,  and  2  withdrawal  nights.  On  treatment  nights,  10  subjects  received  triazolam 
and  10  placebo.  These  nights  were  double-blind  and  HR  analysis  was  also  blind.  HR  was  analyzed 
for  placebo  baseline  night  1,  treatment  nights  1  and  3,  and  the  2  withdrawal  nights.  Subjects 
were  continuously  recorded  in  bed  from  2200  to  0530.  Heart  beats  were  counted  visually  for  30- 
second  samples  every  3  minutes  on  each  night. 

Analysis:  Average  HR  was  calculated  for  total  night  and  for  each  hour  of  the  night  indepen¬ 
dent  of  sleep  stage.  In  a  second  step,  the  average  HR  was  calculated  for  each  REM  period  and  for 
the  30-minute  NREM  period  that  immediately  preceded  each  REM.  Between-  and  within-group  compari¬ 
sons  were  made  for  change  in  HR  during  treatment  compared  to  placebo  baseline  and  withdrawal. 

Results:  There  was  no  significant  difference  between  groups  for  HR  on  placebo  baselines. 

In  the  drug  group,  average  HR  increased  on  drug  nights  with  the  maximum  increase  occurring  during 
the  first  half  of  the  night.  Between-  and  within-group  t- tests  showed  the  increase  in  all-night 
HR  was  significant  for  drug  night  1  but  not  for  night  3.  During  the  first  4  hours  of  sleep,  the 

average  HR  increase  on  drug  night  1  was  4.5  bpm,  and  on  night  3  it  was  3.0  bpm. 

REM/NREM:  In  the  drug  group,  there  was  an  increase  of  the  average  HR  in  both  REM  and  NREM 

during  the  2  drug  nights,  but  the  average  increase  was  significantly  larger  during  NREM,  4.7  vs. 

2.9  bpm. 

Flurazepam  Study 

The  HR  for  6  Dalmane  subjects  from  a  previous  study  was  obtained  on  the  6th  placebo  baseline 
night  and  5th  drug  night.  Heart  beats,  recorded  on  FM  tape,  were  analyzed  by  computer.  HR  during 
the  drug  night  was  significantly  higher,  average  increase  5.4  bpm,  during  the  first  4.5  hours  of 
sleep  when  compared  to  placebo  baseline. 

The  average  4. 5-5. 4  bpm  increase  is  consistent  with  the  4-6  bpm  changes  within  20  to  30 
minutes  after  intravenous  injection  of  diazepam.  Finding  the  diazepam-related  HR  increase  in 
patients  after  sympathetic  blocking  suggests  that  HR  elevation  is  the  result  of  peripheral 
vasodilation. 
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INTRODUCTION 


Though  the  cardiovascular  action  of  benzodiazepines,  when  used  as  preoperative  sedatives,  has 
been  studied,  to  our  knowledge  there  has  been  no  study  that  examined  the  effects  of  orally  admin¬ 
istered  benzodiazepine  hypnotics  on  cardiovascular  activity  during  sleep.  We  report  the  effects 
of  triazolam  (0.5  mg)  and  flurazepam  (30  mg)  on  one  measure  of  cardiac  activity,  heart  rate  (HR), 
during  sleep.  Our  findings  demonstrate  that  oral  administration  significantly  increases  HR  when 
compared  to  placebo-baseline  levels  and  to  subjects  receiving  placebo. 

Sedative  doses  of  benzodiazepines,  such  as  diazepam  and  lorazepam,  produce  a  moderate 
decrease  in  left  ventricular  stroke  work,  stroke  volume,  and  cardiac  output.  As  a  consequence  of 
these  changes,  there  is  a  decrease  in  systolic  blood  pressure  and  reflexivity,  and  an  increase  in 
systemic  peripheral  resistance  and  HR.1’2  The  increase  in  HR  is  usually  reported  as  mild,  4  to  10 
bpm,  but  statistically  significant,  and  the  increase  persists  20  to  25  minutes  after  intravenous 
administration.3'5  Though  other  significant  cardiovascular  changes  are  reported,  the  HR  increase 
has  not  always  reached  statistically  significant  levels.6'8 

The  hypnotic  effects  of  the  benzodiazepines  are  attributed  to  the  actions  of  these  drugs  on 
the  central  nervous  system  (CNS).  The  sedative-hypnotic  effects  are  reflected  in  decreased  sleep 
latency  and  increased  total  sleep  time.  There  is  also  a  significant  increase  in  arousal 
threshold.9'11  The  CNS  effects  are  also  seen  in  the  significant  changes  in  electroencephalo- 
graphic  (EEG)  activity,  a  decrease  in  delta  activity  and  an  increase  in  sleep  spindles.12'14  Thus, 
the  general  view  has  been  that  the  effects  of  benzodiazepines,  when  taken  orally  in  hypnotic-dose 
levels,  result  from  actions  on  the  CNS.  Because  of  the  pronounced  CNS  effects,  the  effects  of 
benzodiazepines  on  peripheral  tissue,  such  as  vasodilation  seen  in  intravenous  administration, 
usually  are  not  marked  and  have  not  been  examined  in  the  sleeping  subject.  An  oral  hypnotic  dose 
of  triazolam  produced  no  cardiovascular  changes  in  a  study  of  hemodynamic  effects  in  awake 
subjects.15  However,  in  a  study  of  the  effects  of  triazolam  on  vascular  smooth  muscles  and  its 
reflex  control  in  awake  subjects,  Elliott  et  al.1  reported  drug  effects  were  most  apparent  in  HR 
measurements.  At  doses  of  0.5  mg  or  more,  the  average  HR  increase  was  7  and  24  beats  after  0.75 
to  1  hour  and  3  to  4  hours,  respectively.  Perhaps  because  there  is  a  decrease  in  HR  with  sleep 
onset,  it  was  not  expected  that  the  HR  of  the  more  deeply  sleeping  benzodiazepine  subjects  would 
be  higher  than  those  of  the  unmedicated  sleepers. 

Data  were  obtained  from  two  studies:  one  using  0.5  mg  of  triazolam  (Halcion)  and  the  other, 
30  mg  of  flurazepam  (Dalmane). 

Triazolam  Study 

Subjects  were  20  male  poor  sleepers  (mean  age  21  years)  with  EEG-measured  sleep  latencies 
longer  than  30  minutes.  All  subjects  were  given  a  placebo  for  3  consecutive  nights  (single¬ 
blind).  Then  10  continued  to  receive  placebo  while  10  were  given  0.5  mg  triazolam  for  6  consecu¬ 
tive  treatment  nights  (double-blind).  Finally,  all  20  subjects  received  placebo  on  2  withdrawal 
nights  (single-blind).  Sleep  stage  scoring  was  according  to  the  Rechtschaffen  and  Kales  manual.16 

Nights  2,  5,  7,  11,  and  12  were  chosen  for  the  HR  analysis  in  the  two  groups,  as  the 
subjects'  sleep  was  uninterrupted  by  other  procedures  on  these  nights.  Subjects  were  continuously 
recorded  from  2200  to  0530.  Thirty  artifact-free  seconds  of  heart  beats  were  counted  visually  on 
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the  records  during  every  3  minutes  for  the  baseline  (N2),  the  treatment  (N5  and  N7),  and  the  with¬ 
drawal  (Nil  and  N12)  nights,  for  all  20  subjects.  These  30-second  samples  were  averaged  for  each 

hour.  In  a  first  step,  an  average  HR  was  calculated  for  each  hour  of  the  night  without  regard  to 

sleep  stages.  In  a  second  step,  an  average  HR  was  calculated  for  each  rapid  eye  movement  (REM) 
phase  longer  than  8  minutes,  and  for  the  30-minute  nonREM  (NREM)  period  which  immediately  preceded 
that  REM  phase.  REM  phases  were  of  variable  durations,  but,  on  the  average,  they  were  close  to 
30  minutes.  Therefore,  we  chose  a  fixed  NREM  period  with  a  30-minute  duration.  The  NREM  period 
and  the  subsequent  REM  period  constituted  a  REM-NREM  epoch.  Dependent  and  independent  Student's 
t-tests  were  used,  and  F<  .05,  two-tailed,  was  accepted  as  significant. 

In  Fig.  1  are  the  average  HR  values  for  the  triazolam  and  placebo  groups  for  the  entire  night 
and  for  the  first  4  hours  and  the  final  3.5  hours  of  sleep  for  the  5  study  nights.  Though  there 

was  no  significant  difference  in  mean  HR  between  the  two  groups  on  the  baseline  night,  difference 

score  values  (treatment  minus  baseline)  were  used  for  between-groups  comparison  to  control  for 
baseline  differences  that  were  present. 
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Fig.  1.  Mean  HR  (bpm)  for  the  entire  night  (all  night),  and  for  first  half 
(2200-0200)  and  last  half  (0200-0530)  of  sleep  for  placebo  and 
triazolam  subjects  on  night  2  (placebo-baseline),  nights  5  and  7 
(treatment),  and  nights  11  and  12  (placebo-withdrawal). 


In  the  triazolam  group,  when  compared  to  baseline,  HR  increased  on  treatment  nights,  with  the 
maximum  increase  occurring  during  the  first  half  of  the  night.  Between-  and  within-group  t-tests 
showed  that  the  increase  in  all-night  HR  was  significant  for  the  first  night  of  drug  administra¬ 
tion  (night  5),  but  not  for  the  third  drug  night  (night  7):  be  tween-groups  =  2.27,  P<  .05, 
within  (drug  group)  tq  =  2.67,  P<  .05  for  night  5.  For  night  7,  the  respective  t  values  were  1.10 
and  1.79. 


When  the  2200  to  0200  hours  and  0200  to  0530  hours  time  periods  were  compared  to  the  same 
baseline  times,  there  was  no  significant  change  in  HR  during  the  0200  to  0530  time  period.  For 
the  first  4  hours,  both  between-  and  within-group  comparisons  showed  a  significant  HR  increase  on 
night  5  (between-groups  t18  =  2.40,  within  (drug  group)  fcq  =  1.99),  but  the  increased  failed  to 
reach  the  .05  two-tail  probability  level  on  night  7.  During  the  first  4  hours  of  sleep  on  night 
5,  the  average  HR  increase  over  baseline  was  4.86  ±  5.18  and  on  night  7  it  was  2.98  ±  1.94. 

Analysis  of  the  HR  during  REM,  and  for  the  30  minutes  of  NREM  before  each  REM  period, 
indicated  that  the  average  increase  in  HR  was  significantly  larger  during  NREM  in  the  triazolam 
subjects.  This  increase  erased  the  usually  higher  HR  during  REM  sleep  during  treatment  nights 
for  the  subjects  receiving  triazolam.  These  results  are  illustrated  in  Fig.  2.  Note  that  in  the 
drug  group  during  the  third  REM  cycle,  the  expected  higher  REM  HR  is  present,  especially  on 
night  7.  For  the  first  REM  cycle  on  night  5,  the  average  increase  in  HR  was  4.7  bpm  for  NREM  and 
2.9  bpm  for  REM,  and  4.6  bpm  NREM  and  2.7  bpm  REM  for  the  night  7  first  REM-NREM  epoch.  The  HR 
during  withdrawal  was  similar  to  that  on  baseline. 


Flurazepam  Study 


To  see  if  the  HR  increase  found  was  also  present  in  our  earlier  study  on  30  mg  flurazepam,  we 
analyzed  our  HR  data  for  the  6  subjects  who  received  flurazepam.  These  subjects  were  comparable 
to  those  in  the  triazolam  study.  The  study  was  also  a  3-phase  design;  7  placebo-baseline,  10 
treatment  nights,  and  3  placebo-withdrawal  nights  2  weeks  after  the  last  treatment  night.  Six 
subjects  received  placebo  capsules  during  the  entire  study,  while  the  6  subjects,  whose  HR  data 
are  reported  here,  received  flurazepam  during  the  treatment  period. 


For  this  study,  the  heart  beats  were  recorded  on  FM  tape,  and  the  beat-by-beat  analysis  for 
placebo-baseline  night  6  and  the  fifth  drug  night  was  done  off-line  by  computer.  The  sleep  on 
these  nights  was  uninterrupted  by  other  study  procedures.  The  beat-by-beat  analysis  was  done  for 
the  first  4.5  hours  of  sleep,  as  complete  data  were  not  available  on  all  6  subjects  for  the  last 
3  hours  of  sleep  due  to  problems  in  changing  to  a  second  tape  reel.  Inspection  of  the  bpm  print¬ 
out  in  the  subjects  with  data  for  the  total  night  indicated  no  difference  between  placebo-baseline 
and  treatment  nights  for  the  last  3.5  hours  of  sleep. 


Student's  t-tests  for  correlated  means  indicated  that  HR  was  significantly  higher  during  the 
drug  night  when  compared  to  placebo-baseline,  f5  =  5.12,  P<  .01.  HR  increase  was  also  signifi¬ 
cant,  t5  =  5.58,  P<  .01,  when  the  drug  night  was  compared  with  the  HR  during  the  first  placebo- 
withdrawal  night.  The  mean  HR  increase  over  placebo-baseline  during  the  first  4.5  hours  of  sleep 
on  the  drug  night  was  5.4  ±5.12  bpm. 

Oral  administration  of  hypnotic  dose  levels  of  two  benzodiazepines  produces  a  similar 
magnitude  of  HR  increase  as  seen  in  sedative  dose  levels  given  intravenously.  While  the  magnitude 
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Fig.  2.  Comparison  of  REM-NREM  epochs  HR  (bpm)  for  placebo  and  tria¬ 
zolam  subjects  on  night  2  (placebo-baseline),  nights  5  and  7 
(treatment),  and  nights  11  and  12  (placebo-withdrawal). 


of  the  change  is  similar,  the  duration  of  the  change  is  longer  during  sleep,  lasting  3  to  4  hours, 
in  contrast  to  less  than  1  hour  when  given  as  a  sedative. 

The  HR  change  is  almost  identical  for  the  two  benzodiazepines,  with  the  exception  being  the 
number  of  nights  over  which  the  elevation  in  HR  remains  statistically  significant.  By  the  third 
night  of  drug  administration,  the  triazolam  subjects  were  developing  a  tolerance  and  the  HR 
increase,  though  still  present,  was  not  significantly  different  from  baseline.  In  contrast,  for 
subjects  taking  flurazepam  the  HR  increase  was  significantly  elevated  over  baseline  on  the  fifth 
drug  night.  Similar  differences  between  the  two  drugs  have  been  found  for  EEG  changes.  By  the 
third  drug  night,  the  increase  in  sleep  spindles  and  decrease  in  delta  were  beginning  to  plateau 
In  the  0.5  mg  triazolam  subjects,  but,  for  subjects  taking  30  mg  flurazepam,  spindle  count  was 
still  Increasing  and  delta  count  was  continuing  to  decrease  after  9  nights  of  flurazepam  use.12 
The  indication  of  tolerance  development  with  triazolam  and,  contrastingly,  the  evidence  of  cumula¬ 
tive  effects  with  flurazepam,  may  be  explained  by  different  pharmacokinetic  properties  of  the  two 
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drugs.  Since  triazolam  is  short-acting,  having  a  half-life  as  short  as  5  hours,  and  flurazepam 
has  an  active  metabolite  with  a  half-life  of  over  24  hours,17  the  effects  of  consecutive  nights  of 
administration  should  differ  for  the  two  drugs. 

The  mechanism  for  the  cardiovascular  changes  produced  by  the  benzodiazepines  is  not  com¬ 
pletely  known.  Changes  in  baroreceptor  sensitivity  were  not  indicated  in  a  study  by  Markiewicz  et 
al.u  Whether  the  effect  of  the  benzodiazepines  on  cardiac  function  is  extended  directly  on  the 
heart  and  peripheral  vessels,  or  whether  it  is  mediated  through  the  autonomic  system,  was  investi¬ 
gated  by  Cote  et  al . 3  Partial  autonomic  blockage  was  induced  in  10  patients  by  the  intravenous 
administration  of  5  mg  propanolol  and  0.8  mg  atropine.  Five  minutes  later,  diazepam  (0.1  mg/kg  of 
body  weight)  was  administered  intravenously  over  a  1 -minute  period.  The  authors  report  that  the 
primary  systemic  hemodynamic  effects  of  diazepam  still  occurred  in  the  presence  of  autonomic  ner¬ 
vous  blockage.  Cote  et  al.  thus  concluded  that  their  results  demonstrate  that  diazepam  produces 
peripheral  vascular  smooth  muscle  dilation  in  spite  of  partial  sympathetic  or  parasympathetic 
blockage. 

Though  the  increase  in  HR  during  sleep  when  a  benzodiazepine  is  taken  is  statistically 
significantly  higher  than  on  nondrug  nights,  the  magnitude  of  the  increase  does  not  appear  to  be 
clinically  significant  for  most  patients.  However,  this  HR  finding,  along  with  the  reports  of 
anterograde  amnesia  following  oral  administration  at  bedtime,11 >'8-20  indicates  that  these  benzo¬ 
diazepine  effects,  once  thought  to  be  short-lived  and  specific  to  intravenous  administration  in 
sedative-dose  levels,  can  occur  with  oral  administration  and  the  effects  can  persist  for  hours. 
Accepting  the  findings  by  Cote  et  al.,  these  results  suggest  that  the  benzodiazepines,  when  used 
in  hypnotic-dose  levels,  not  only  act  directly  on  the  CNS,  but  also  act  directly  on  smooth  muscles 
causing  vasodilation.  This  peripheral  effect  is  more  pronounced  during  NREM  sleep. 
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